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ABSTRACT
Accompanied by an X-ray burst, the fast radio burst FRB 200428 was recently confirmed to originate
from the Galactic magnetar SGR J1935+2154. Just before FRB 200428 was detected, the Five-
hundred-meter Aperture Spherical radio Telescope (FAST) had been monitoring SGR J1935+2154 for
eight hours. From UTC 2020-04-27 23:55:00 to 2020-04-28 00:50:37, FAST detected no pulsed radio
from SGR J1935+2154, while Fermi/GBM registered 34 SGR bursts in the X/soft γ-ray band, forming
a unique sample of X-ray bursts in the absence of FRBs. After a comprehensive analysis on light curves,
time-integrated and time-resolved spectral properties of these FRB-absent X-ray bursts, we compare
this sample with the FRB-associated X-ray burst detected by Insight-HXMT. The FRB-associated
burst distinguishes itself from other X-ray bursts by its non-thermal spectrum and a higher spectral
peak energy, but is otherwise not atypical in many other aspects. We also compare the cumulative
energy distribution of our X-ray burst sample with the cumulative radio energy distribution of first
repeating FRB source, FRB 121102, with the calibration of FRB 200428-X-ray burst association. We
find a similarity between the two, offering indirect support of the magnetar-origin of cosmological
FRBs. The event rate density of magnetar bursts is about ∼ 150 times higher than the FRB event
rate density at the energy of FRB 200428. This again suggests that only a small fraction of X-ray
bursts are associated with FRBs if all FRBs originate from magnetars.
Keywords: Magnetars (992); Soft gamma-ray repeaters (1471); Radio transient sources (2008)
1. INTRODUCTION
Magnetars are observed with persistent X-ray emis-
sions, conventional bursts, random outbursts, and
sparse Giant Flares (GFs), consistent with being pow-
ered by the decay of their extreme surface magnetic
fields (Thompson & Duncan 1995, 1996). The Soft
Gamma Repeater (SGR) J1935+2154 was first discov-
ered through its short magnetar-like bursts by the Burst
Alert Telescope (BAT) onboard the Neil Gehrels Swift
Observatory (Swift) (Stamatikos et al. 2014). Its mag-
netar nature has been confirmed by the follow-up ob-
servations, which revealed the spin period P = 3.24
s, spin-down rate P˙ = 1.43 × 10−11 s s−1, and an in-
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ferred surface dipole-magnetic field B ∼ 2.2 × 1014 G
(Israel et al. 2016). The follow-up observations revealed
that this magnetar has several active episodes, making
it by far the most prolific magnetar (Younes et al. 2017;
Lin et al. 2020a; Borghese et al. 2020). The distance of
SGR J1935+2154 is ∼ (2 − 7) kpc, which is estimated
from a bright expanding dust-scattering X-ray ring ob-
served by the X-ray Telescope(XRT; Mereghetti et al.
2020) onboard Swift. Meanwhile, its associated super-
nova remnant (SNR) G57.2+0.8 was inferred to be at
D = 6.6 ± 0.7 kpc (Zhou et al. 2020). By analyzing
the contributions of the dispersion measure, Zhong et
al. (2020) obtained the distance D = 9.0± 2.5 kpc.
Recently, a fast radio burst, FRB 200428, was re-
ported from the direction of SGR J1935+2154 (Bochenek
et al. 2020; CHIME/FRB Collaboration et al. 2020). In-
terestingly, it is associated with an X-ray burst of SGR
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J1935+2154, which was detected by Insight-HXMT (Li
et al. 2020), AGILE (Tavani et al. 2020), INTEGRAL
(Mereghetti et al. 2020), and Konus-Wind (Ridnaia et
al. 2020). Compared to other FRBs from extragalactic
origins, this unique Galactic FRB is roughly 25 times
less energetic than the weakest of the FRB population
(Bochenek et al. 2020). The FRB emission could be
caused by various mechanisms such as a magnetic dis-
turbance propagating from the magnetar surface to the
outer magnetosphere (Lu et al. 2020; Yang et al. 2020),
and an interaction between an asteroid and the mag-
netosphere(Dai 2020; Geng et al. 2020), even though a
model invoking a relativistic shock outside the magne-
tosphere (Margalit et al. 2020; Yu et al. 2020; Wu et al.
2020) was also discussed.
About 17 hours before the detection of FRB 200428,
four targeted observations with a total exposure of
eight hours on SGR J1935+2154 were undertaken by
the Five-hundred-meter Aperture Spherical radio Tele-
scope (FAST) from UTC 2020-04-15 21:54:00 to 2020-
04-28 23:35:00 (Lin et al. 2020b). The FAST observa-
tion yielded no dispersed pulsed emission at all, which
placed a stringent flux and fluence upper limit for the
radio emission of SGR J1935+2154. During the FRB-
absent period, a series of X-ray bursts was detected by
Fermi/GBM. Therefore, Lin et al. (2020b) concluded
that the association with an observable FRB of short
magnetar X-ray bursts is rather rare. Younes et al.
(2020) found 24 X-ray bursts simultaneously observed
by NASAs NICER and Fermi/GBM about 13 hours
prior to FRB 200428, which largely overlap with our
sample (34 bursts) in this paper. They claimed these
bursts are temporally similar to but spectrally differ-
ent from the FRB-associated X-ray burst. This work
aims at a comprehensive analysis of all the FRB-absent
magnetar bursts observed by Fermi/GBM, with a focus
on their detailed timing and spectral properties as well
as similarities and differences with the FRB-associated
burst.
In Section 2, we describe the data reduction and
burst search procedure followed by the results of tempo-
ral, time-integrated and time-resolved analyses of FRB-
absent magnetar bursts. In Section 3, we compare our
FRB-absent sample to the FRB-associated burst in or-
der to determine how unique the latter is. In Section
4, assuming that all FRBs are originated from magne-
tars, we compare our X-ray burst sample with the radio
burst sample from the first repeating FRB source, FRB
121102, in terms of the cumulative energy distribution
and event rate. In Section 5, we briefly summarize the
results.
2. OBSERVATION AND DATA ANALYSIS
2.1. Bursts Identification
Not all SGR bursts can trigger Fermi/GBM. As Lin et
al. (2020a) suggested, an untriggered search is needed to
identify all potential bursts throughout the data avail-
able, such that a complete burst sample can be picked
up. We perform such a untriggered burst search by
applying the Bayesian Block method (Scargle et al.
2013) (Figure 1) on the unbinned GBM continuous time-
tagged event (TTE) data within the range of 8 keV–1
MeV energy. The GBM data are acquired during the
time period of the third session of FAST observations,
which correspond to the time interval between UTC
2020-04-27 23:55:00 and 2020-04-28 00:50:37. We apply
the Bayesian Block method to find the best “blocks” of
time-series data over which the underlying signal is con-
stant within the observational errors. In our work, the
background block can be straightforwardly determined
by the lowest constant blocks around the burst (red lines
in Figure 1). A burst is defined in such a way that
within its starting time (Tbb,1) and ending time (Tbb,2),
all blocks are continuously above the background. Us-
ing such an approach, we identified 34 bursts from SGR
J1935+2154 observed within the time period mentioned
above, as listed in Table 1. We notice that some bursts
in our sample are separated by only sub-seconds which
are combined into one event in Lin et al. (2020b).
2.2. Temporal Analysis
The light curves of all 34 bursts are shown in Figure
1. All light curves are plotted with a uniform bin size of
4 ms. The Bayesian blocks are also plotted on top. Be-
sides the Bayesian block duration (Tbb = Tbb,2−Tbb,1),
we also use T90 to describe the burst duration. T90 is
the time interval within which the cumulative counts of
the burst increases from 5% to 95% of the total counts
(Kouveliotou et al. 1993). Both Tbb and T90 are calcu-
lated in 8-200 keV and 2 ms temporal resolution. The
starting and ending times of Tbb and T90 are shown in
green and black vertical dashed lines in each panel of
Figure 1. In addition, we obtained the Minimum Time
Variability (MTV) of each burst, which is defined as the
length of the shortest block. We list the burst time,
Tbb , T90 and MTV of each burst event in Table 1.
The distributions of Tbb and T90 are presented in Fig-
ure 2, both being a Gaussian shape in the logarithmic
scale (i.e., log-normal), which is similar to the findings
in other magnetars (e.g. Collazzi et al. 2015). The Tbb
(T90) distribution peaks at 0.175 (0.123) s, which are
slightly longer than those of previous studies (Lin et al.
2020a). The correlation between Tbb and T90 is plot-
ted in Figure 3. The corresponding Spearmans rank
3correlation coefficient is 0.92, with a chance probability
of 1.7 × 10−14. A power-law fit to the trend results in
T90 ∝ T 0.91±0.05bb .
We also calculated the waiting time between the
neighbouring bursts by measuring the difference of their
starting time Tbb (T90). The corresponding distributions
are presented in Figure 2, which are both consistent with
a log-normal shape peaking at 1.24 s. No significant
correlation is observed between the burst duration and
waiting time (Figure 3).
By plotting the distribution of MTV of our sample in
Figure 2, we find that their typical variability is roughly
a few of ten milliseconds. No apparent correlation be-
tween MTV and the burst duration (e.g., T90) can be
found (Figure 3).
2.3. Time-Integrated Spectral Fitting
For each burst, we extract the source spectra, back-
ground spectra, and generate the instrumental response
matrix within the expand of Tbb following the standard
procedures as described in Zhang et al. (2016, 2018).
We choose three detectors: two NaI detectors with the
smallest viewing angles and one BGO detector with
brightest peak count rate. The selected energy band is 8-
300 keV for NaI detectors and 200-300 keV for the BGO
detector. The total energy channel number is ∼150,
which is the number of data points in spectral fitting.
Such observed data are then fitted by various spectral
models using a self-developed spectral fitting tool Mc-
SpecFit (Zhang et al. 2018). Five frequently-used mod-
els, namely the blackbody (BB), the power-law (PL),
the combination of two blackbodies (BB+BB), the PL
with an exponential cutoff at higher energies (CPL), and
the combination of a BB and a PL (BB+PL) are em-
ployed and compared. In particular, the CPL model is
defined as (Yu et al. 2016)
N(E) = AEαexp[−(α+ 2)E/Ep], (1)
where A is the normalization factor, α is the power-law
photon index, and Ep is the peak energy of the energy
density spectrum (νFν) in units of keV.
To determine whether a certain spectral model can
be accepted to explain the data well, regardless of its
physcial meaning, we required that (1) its reduced statis-
tics (namely the PGSTAT value (Arnaud et al. 1996)
divided by the degree of freedom, PGSTAT/dof) should
be less than 1.21; (2) the best-fit parameters are fully
constrained in the physical reasonable regions. Accord-
ing to such criteria, we find that 28, 18, 22, 32, and 11
1 Except for Burst #10, which has PGSTAT/dof ∼ 1.9 due to
strong spectral evolution effect.
bursts can be fitted with BB, BB+BB, PL, CPL and
BB+PL model, respectively. For comparison, previous
studies(e.g. Israel et al. 2008; Lin et al. 2011, 2020a; van
der Horst et al. 2012) have shown that the BB+BB and
CPL models are preferred in broadband spectra fitting.
To further determine which acceptable model is the
“best” one to fit the data, we employ the Bayesian in-
formation criterion (BIC) to conduct the model compar-
ison. A numerical value BIC is introduced as (Schwarz
1978)
BIC = −2 lnL+ k lnn (2)
where L is the maximum likelihood, k is the number of
parameters of the model, and n is the number of data
points used in the fitting. A model with a smaller BIC
value is considered to be better fitted with the data.
Therefore, we identified the model whose BIC has the
smallest value as the “best” one. A BIC difference of
< 2, 2-6, 6-10, and > 10 are regarded as weak evidence,
positive evidence, strong evidence and very strong evi-
dence, respectively(Jeffreys 1961; Kass & Raftery 1995;
Mukherjee et al. 1998). Accordingly, we identified the
“best” model with the minimum BIC. For the cases
when two BICs with a difference of < 2, we consider
that both models can equally explain the data. If one
of the pair gives the minimum BIC, we consider both
as “best” models. After selecting the best model(s), we
further obtain the burst fluence and calculate its flux
and isotropic energy within the energy band of 8–200
keV using a luminosity distance of 6.6 kpc (Zhou et al.
2020)2. The “acceptable” and “best” models (displayed
in Bold), their corresponding parameters, as well as the
derived fluences are all listed in Table 2.
For the 32 bursts whose time-integrated spectra can be
well fitted by the CPL model, we plot the distributions
of their peak energy Ep and photon index α in Figure 2.
Both distributions are Gaussian-like with a peak value
of ∼ 22.4 keV and ∼ −0.37, respectively. The Ep and
α values of the FRB-associated X-ray burst observed by
HXMT (Li et al. 2020) are plotted in red for comparison.
Similarly, we plot the distributions of the low and high
blackbody temperatures for the 18 bursts that can be
fitted by the BB+BB model in Figure 2. Both tempera-
tures are distributed as a Gaussian-like shape with peak
values of ∼4.42 keV and ∼11.2 keV, respectively. There
is no significant correlation between the high and low
temperatures in our sample (Figure 3).
2 We found no significant difference in terms of the energetics cal-
culation when the BICs of two models are close (e.g., ∆BIC <
2).
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We can further investigate correlations between the
bursts’ energetics properties and their temporal and
spectral properties. Such correlations are presented in
Figure 3. A brighter (more energetic) burst with higher
flux (fluence) yields a smaller MTV, suggesting that
MTV calculation is subject to a selection effect from
observations. Interestingly, we find a tight correlation
between Ep and flux (fluence) with a slope of 0.20±0.02
(0.14± 0.02). By converting fluence to isotropic energy
(Eiso), we found the Ep-Eiso correlation of our sample is
similar to that of GRBs and giant flares of SGRs (Yang
et al. 2020; Zhang et al. 2020), although they are located
in different tracks and with different slopes (Figure 4).
We also plot the ranges of Ep and Eiso for the previous
X-ray bursts of SGRs J1935+2154 (Lin et al. 2020a),
J0501+4516 (Lin et al. 2011) and J1550-5418 (van der
Horst et al. 2012) in Figure 4, which are consistent with
our results. On the other hand, no significant correlation
is identified between photon index and flux (fluence) in
our sample.
2.4. Time-Resolved Spectral Analysis
To perform the time-resolved spectral analysis, we di-
vide the time Tbb of each burst into several segments
with 8-ms width, extract spectral files (namely, the
source and background spectra and the response ma-
trix), and fit them with spectral models. Since almost
all the bursts in our sample can be fitted by the CPL
model, we thus only employ the CPL model to do the
time-resolved spectral fitting. For some time segments
of the weak bursts, CPL parameters are unconstrained
due to very few photons. For simplicity, we ignore the
spectra of those segments. In this approach, we fi-
nally obtain a sample of 157 time-resolved spectra. The
time-resolved spectral analysis of the top three brightest
bursts (Bursts #03, #10, #16) are shown in Figure 5.
A spectral evolution is clearly observed in these cases,
where Ep always tracks the flux behavior, and peaks
when the flux reaches its peak. Given that the data
points provided by the three brightest bursts account
for half of the total time-resolved spectra and that they
are only special for their light curves, we consider them
as a sub-sample in this study.
The distributions of the spectral fitting results and
their correlations are shown in Figure 6, where the con-
tribution of the sub-sample of the brightest bursts is
highlighted in blue. Both Ep and photon index α for the
whole sample (sub-sample) are consistent with Gaussian
distributions with peak values of ∼ 26.3 keV (34.9 keV)
and ∼ 0.91 (0.88), respectively. Similarly to the inte-
grated spectra, we find no correlation between α and
flux but a significant correlation between Ep and flux
with a slope of 0.24± 0.01.
3. HOW SPECIAL IS THE FRB-ASSOCIATED
BURST?
We compare the FRB-associated burst observed by
Insight-HXMT and other high-energy detectors (here-
after FRB-associated burst) with the bursts of our sam-
ple in the following aspects. The properties of the burst
we quote are as observed by HXMT.
1. Duration. The duration of the FRB-associated
burst is 0.53 s (Li et al. 2020) and is longer than
97% of the bursts in our sample, although it still
falls into the 3σ region of the duration distribution
(Figure 1).
2. Light curve profile. The FRB-associated burst
shows some complex features such as multiple
spikes, multiple episodes, and a large flux. We
found that some bursts (namely, #1, #9, #11,
etc.) exhibit similar features in our sample. The
FRB-associated burst is not distinctively different
from the bursts in our sample in terms of their
light curves features.
3. Spectral properties. As discussed in Section 2.3,
most of the bursts in our sample can be well fit-
ted by the CPL model with a typical α = −0.37
and Ep ∼ 22.4. Such values are consistent with
previous studies, which suggest that SGR bursts
are thermal-like. On the other hand, the time-
integrated spectrum of the FRB-associated burst
can be best-fitted by the CPL model with a soft
α = −1.56 ± 0.06 and Ep = 36.9 ± 6.2 keV (Li
et al. 2020), which is clearly a non-thermal spec-
trum. By plotting the α and Ep values of FRB-
associated burst in the corresponding distributions
of our sample, we find that the FRB-associated
burst is located at the edge of either distribu-
tion. We conclude that in terms of spectral type,
the FRB-associated burst is special with a non-
thermal spectral type and a higher peak energy.
4. Energy. As shown in Figure 2, the average flux of
FRB-associated burst is typical when compared to
those of our sample. The fluence is slightly higher
but is close to the 1-σ region. So in terms of the
energetics properties, the FRB-associated burst is
not unusual.
5. Spectra-Energy correlation. As shown in Figure
3, the FRB-associated burst becomes off-track the
correlations mainly due to its higher Ep and softer
α.
56. Time-resolved properties and correlation. There
is no publicly available information on the time-
resolved spectral properties of the FRB-associated
burst. According to the peak and average photon
count rate (Li et al. 2020), we estimate the peak
flux. Additionally, we artificially assign 50% rela-
tive errors on the time-integrated spectral parame-
ters as well as the estimated peak flux of the FRB-
associated burst, and regard them roughly stand
for the event’s time-resolved spectral properties for
simplicity. Under such an assumption, the FRB-
associated burst is still a special case compared
with our 157 time-resolved spectra sample (Figure
6), especially in terms of the low-energy photon
index α.
In summary, compared with our FRB-absent sample
we find that the FRB-associated burst is longer and
more energetic than most other bursts but in any case
is consistent with the FRB-absent sample statistically.
It distinguishes itself for its non-thermal spectrum and
higher spectral peak energy. Nevertheless, since this
burst was not detected by Fermi/GBM, one should keep
in mind that there might be an instrumental selection ef-
fect involved in causing the apparent difference between
the FRB-associated burst and the bursts in our sample.
4. SGR BURST RATE AND COMPARISON WITH
THE FRB BURST RATE
In Figure 7, we present the cumulative energy distri-
bution of 34 bursts from SGR J1935+2154. We fit the
distribution with three models as following:
1. PL model. The best fit index for the PL model is
0.43± 0.02.
2. Broken PL model. The best fit index for the lower
and higher energies are−0.23+0.08−0.07 and−0.72+0.13−0.19,
respectively, with the break energy being E ∼
1038.9 erg.
3. PL model with a maximum energy Emax in the
form of N(N > E) ∝ (Eα − Eαmax). The best
fit parameter values are α = −0.28 ± 0.06 and
Emax ∼ 1040.8 erg.
Several previous works have shown that magnetar burst
energies follow a similar power-law distribution (Gogus
et al. 1999; Gavriil et al. 2004; Scholz & Kaspi
2011; Wang & Yu 2017; Zhang & Wang 2019; Lin et
al. 2020a; Cheng et al. 2020). By comparing the re-
leased energy of FRB 200428 and its associated X-ray
burst, we calculate the radio-to-X-ray energy ratio as
η = Eradio/EX ' 2.9×10−5 (Bochenek et al. 2020; Li et
al. 2020). Assume that such a ratio is typical for FRB-
SGR burst asssociations, we can compare the cummula-
tive energy distribution of SGR bursts with that of radio
bursts from repeating FRB sources. In Figure 7, we plot
the energy (both projected X-ray energies and radio en-
ergies) distributions of the X-ray bursts in our sample
and the radio bursts from the repeater FRB 121102 ob-
tained from Zhang et al. (2018)3. One can see that the
bursts from FRB 121102 are projected to be much more
energetic than the bursts in our sample.
Assuming that all FRBs are produced by magnetars,
we investigate the event rate densities of FRBs and X-
ray bursts from SGR J1935+2154. Based on an assump-
tion that the burst energy distribution is −dN/dE ∝
E−1.6 (E > 1036) erg, Beniamini et al. (2019) found
that the rate of the giant flares with energy > 1046 erg
in the Milky Way is ∼ 5 kyr−1 by modeling the rate and
evolution of magnetars. We adopt this cumulative dis-
tribution as the rate of magnetar bursts in our Galaxy.
The number density of the galaxy in the universe is 0.006
Mpc−3 (Mo et al. 2010). Assuming that all galaxies
have the same magnetar population as the Milky Way,
the burst rate density of all magnetars can be derived as
5×10−3×(EX/1046)−0.6×0.006×109 yr−1 Gpc −3. The
magntar burst rate density becomes 5.6× 108 yr−1 Gpc
−3 when EX = 1038.9 erg. In our sample, there are 17
bursts with E > 1038.9 erg and the distribution of our
sample suggests −dN/dE ∝ E−1.7 at higher energies.
Therefore, we lift the accumulated energy distribution
of SGR J1935+2154 in Figure 7 by 3.3×107 yr−1 Gpc−3
to approximately estimate the total burst rate density
of magnetars (Figure 8).
By assuming the Luminosity function (LF) of FRBs
follows a Schechter function (Schechter 1976), Luo et
al. (2020) deduced the event rate density distribution of
FRBs as
RFRB(> L) = φ
?Γ
(
α+ 1,
L
L?
)
, L ≥ 9.1×1041 erg s−1,
(3)
where Γ is the incomplete GAMMA function, the best
fitted parameters are φ? = 339 Gpc−3 yr−1, α = −1.79
and L? = 2.9 × 1044 erg s−1. We simply assume that
the average duration of FRBs is ∼1 ms to deduce the
relation RFRB(> E). We also plot the FRB LF curve
and its extrapolation in Figure 8. Because one FRB,
i.e. FRB 200428 was detected at Eradio = 10
35 erg by
STARE-2 during ∼ one year operation, we simply use
the factor 3.3 × 107 yr−1 Gpc −3 to obtain the all-sky
3 We only use the C-band (4-8 GHz) data from the Green Bank
Telescope observation (Zhang et al. 2018).
6 Yang et al.
event rate density of FRB, which is denoted as the blue
star in Figure 8 adjacent to the blue dotted line. It is
located at the 2σ confidence region of FRB event rate
density derived from Luo et al. (2020). Comparing this
point with the estimated SGR burst event rate density
curve, one can see that the difference between FRB and
magnetar burst event rate is about a factor of 150, i.e.
every ∼ 150 SGR burst would have one FRB associated.
This is consistent with the results obtained in Lin et al.
(2020b) and Lu et al. (2020).
5. SUMMARY
We systematically analyzed the FRB-absent bursts of
SGR J1935+2154 just hours before the FRB 200428
event. After a comprehensive investigation of the burst’s
temporal and spectral properties, we find that the FRB-
associated X-ray burst observed by HXMT only distin-
guishes itself in terms of its non-thermal α and spectral
peak energy, but is otherwise consistent with the burst
population. Since the FRB-associated burst was not
detected by Fermi/GBM, potential instrumental selec-
tion effects may also play a role in the apparent differ-
ences. Future complete samples of FRB-associated and
FRB-absent X-ray bursts from Galactic magnetars are
needed to determine whether the FRB-associated bursts
are truly atypical.
We also compare the cumulative energy distribution
of our burst sample with that of the FRB burst sam-
ple of FRB 121102. We further compare the event rate
density of the X-ray bursts with the event rate density
of FRBs assuming that all FRBs originate from mag-
netars. Using the FRB 200428 and its associated X-
ray burst as a calibrator, we found that the event rate
density of FRBs is lower than the event rate density of
magnetar bursts by a factor of ∼ 150, suggesting that
only a small fraction of magnetar bursts can produce
FRBs. This strengthens the observational and theoret-
ical evidence of such discrepancy discussed earlier (Lin
et al. 2020b; Lu et al. 2020). As discussed by Lin et
al. (2020b), there could be three possibilities for such a
discrepancy: beaming, narrow spectra of FRB emission
with most outside the GHz band, and the uniqueness
of FRB-associated X-ray burst. Our study in this paper
suggests that the last possibility may not be the sole rea-
son for the discrepancy. Since the second option (narrow
spectra) is very contrived (Lin et al. 2020b), our result
suggests that FRB beaming remains an attractive pos-
sibility to account for missing FRBs in the majority of
SGR bursts.
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Table 1. The burst time, duration and MTV of each SGR J1935+2154 burst.
ID Burst time (UTC 2020-04-28) Tbb (s) T90 (s) MTV (s)
1 00:19:44.192 0.138 0.080+0.016−0.017 0.020
2 00:23:04.728 0.028 0.021+0.053−0.007 0.028
3 00:24:30.296 0.252 0.122+0.002−0.001 0.004
4 00:25:43.945 0.054 0.076+0.085−0.022 0.054
5 00:37:36.153 0.108 0.095+0.085−0.019 0.008
6 00:39:39.513 0.244 0.194+0.062−0.037 0.098
7 00:40:33.072 0.228 0.190+0.005−0.006 0.008
8 00:41:32.136 0.390 0.222+0.008−0.008 0.016
9 00:43:25.169 0.374 0.174+0.004−0.006 0.008
10 00:44:08.202 0.340 0.154+0.001−0.001 0.002
11 00:44:09.302 0.156 0.112+0.003−0.001 0.004
12 00:45:31.097 0.042 0.030+0.004−0.004 0.004
13 00:46:00.009 0.312 0.208+0.021−0.019 0.012
14 00:46:00.609 0.220 0.126+0.007−0.006 0.012
15 00:46:06.408 0.040 0.019+0.009−0.006 0.010
16 00:46:20.176 0.854 0.166+0.005−0.005 0.002
17 00:46:23.504 0.842 0.742+0.017−0.015 0.122
18 00:46:43.208 0.226 0.128+0.018−0.032 0.010
19 00:47:24.961 0.206 0.152+0.024−0.014 0.172
20 00:47:57.528 0.104 0.084+0.005−0.014 0.038
21 00:48:44.824 0.538 0.382+0.020−0.024 0.048
22 00:48:49.272 0.302 0.112+0.018−0.011 0.006
23 00:49:00.273 0.154 0.120+0.030−0.017 0.154
24 00:49:01.121 0.186 0.151+0.010−0.006 0.186
25 00:49:01.936 0.306 0.181+0.045−0.043 0.088
26 00:49:06.472 0.026 0.022+0.026−0.006 0.026
27 00:49:16.592 0.312 0.234+0.003−0.004 0.012
28 00:49:22.392 0.124 0.078+0.013−0.006 0.060
29 00:49:27.280 0.090 0.082+0.073−0.017 0.034
30 00:49:46.142 0.046 0.036+0.034−0.011 0.046
31 00:49:46.680 0.368 0.150+0.022−0.014 0.074
32 00:50:01.012 0.080 0.047+0.025−0.016 0.012
33 00:50:01.358 0.156 0.095+0.006−0.006 0.012
34 00:50:21.969 0.022 0.019+0.026−0.010 0.022
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Figure 1. Light curves of SGR 1935. For each burst, only the detector with the smallest viewing angle to the source direction
is used to its light curve plot. The energy range is 8–200 keV. The gray, blue and red lines denote the count rates light curve,
bayesian blocks and background, respectively. The green and black vertical dashed lines show time intervals of Tbb and T90.
Bottom right: the light curve of the FRB-associated burst observed by HXMT in the energy range of 1–250 keV (Li et al. 2020).
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Figure 2. Distributions of characteristic timescales, time-integrated spectral fitting paramters and other derived paramters.
Flux, fluence and energy are calculated in the energy band of 8–200 keV. The dotted curves are the best Gaussian fits to the
histograms. The red vertical lines represent the the corresponding values of the FRB-associated burst observed by HXMT (Li
et al. 2020).
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Figure 3. Correlation plots for time-integrated spectral fitting. Same method of linear-regression is imported from Tu & Wang
(2018). The black solid lines represent the best fitting results. The red and yellow dotted lines represent 1σv and 2σv regions
of extra variability (D’Agostini 2005), and the gray areas mark the 95% confidence interval of fitting uncertainties. The black
dashed line in the top left panel is Tbb = T90. The red data points in the evolution of CPL parameters (Ep and index) as a
function of flux/fluence represent the corresponding value of the FRB-associated burst Li et al. (2020). The purple dashed lines
indicate upper/lower limits of several times of σv region that can contain the FRB-associated burst.
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Figure 5. Spectral evolution of the top three brightest bursts. The CPL parameters, Ep, α, and the derived flux are plotted
on top of the light curves.
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Figure 7. The cumulative energy distribution of SGR J1935+2154 bursts and FRB 121102. The radio energy of
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Figure 8. Energy-dependent event rate densities of magnetar X-ray bursts and FRBs. Black circles represent the cumulative
energy distribution of our sample scaled to the whole magnetar population. Red line is its best fitted broken PL model. Green
line is the rate density of giant flares derived from Beniamini et al. (2019). The event rate density of FRBs (Luo et al. 2020)
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